crease in the number of the spike-containing EPSP/IPSP
Tetanic field stimulation of this input that produced nonsynaptic changes in neuronal excitability are also LTP also caused a prolonged increase in E-S coupling. evident in long-term potentiation (LTP). Thus, the coinciTo determine whether calcineurin was necessary for the dent activity in pre-and postsynaptic neurons produced induction of the E-S coupling component of LTP, we by the tetanus leads not only to a change in synaptic made use of the immunosuppressive drug FK506, which strength, as measured by the increased excitatory postblocks calcineurin activity (MacKintosh and MacKinsynaptic potential (EPSP), but it also produces a change tosh, 1992). Rapamycin, which binds to the calcineurin in the ability of the EPSP to discharge an action potential anchoring protein FKBP-12 but does not inhibit the enzymatic activity of calcineurin (Hashimoto et al., 1990) , ‡ To whom correspondence should be addressed (e-mail: erk5@ served as the control. During bath application of rapacolumbia.edu). prevented the tetanus-induced leftward shift of the E-S curve. The E 50 , 30 min after tetanic stimulation, was 0.59 Ϯ 0.07 (mean Ϯ SEM, n ϭ 7, p Ͼ 0.1, compared to the sequences: the average normalized firing probability 20 min after tetanus was 3.88 Ϯ 0.26 of the baseline (mean Ϯ baseline; Table 1) , which was significantly different from controls treated only with the vehicle Tween 80 (0.26 Ϯ SEM, n ϭ 9; Figure 1B) . The simultaneously recorded E-S curve was greatly shifted to the left 30 min after 0.04, n ϭ 6, p Ͻ 0.01, compared to cyclosporin A). Intracellular application of calcineurin autoinhibitory peptide tetanus. The E 50 value was reduced from the baseline (0.56 Ϯ 0.07, mean Ϯ SEM, n ϭ 9) to 0.29 Ϯ 0.06 (mean Ϯ (CN412, 200 M) into the postsynaptic neuron, which blocked calcineurin function (Cohen, 1989), also de-SEM, n ϭ 9; Figure 2A ). In contrast, bath application of 100 M FK506 blocked the increase in the single-cell creased the cell firing probability to 0.96 Ϯ 0.14 of the baseline (mean Ϯ SEM, n ϭ 11; Figure 3A ). However, firing probability (1.03 Ϯ 0.13 of baseline, mean Ϯ SEM, n ϭ 10, p Ͻ 0.01; Figure 1C ) and the reduction of the tetanic stimulation did produce a leftward shift of the E-S curve. Thus, CN412 prevented an increase in firing E 50 value (0.53 Ϯ 0.05, mean Ϯ SEM, n ϭ 10; Figure 2B ). To determine whether this drug was truly affecting the probability in cells in which it was applied intracellularly, but not in neighboring cells. With administration of excitability of the postsynaptic cell, we administered 0.5 M FK506 intracellularly, by perfusing the patch elec-FK506, cyclosporin A, or CN412, LTP of the EPSP slope was not different from that of the respective controls. trode into the postsynaptic neurons. This also prevented an increase in the firing probability (Table 1) .
mycin, tetanic stimulation caused a long-lasting in- §
These findings are consistent with other reports showing Figure 4B ). Thus, an increased To determine whether the effects of blocking calcineurin enzymatic activity of calcineurin was sufficient to enwere specific, we studied the consequences of blocking hance neuronal excitability. Figure 3A and Table 1 ). The reduction of IPSP amplitude was directly correlated with an increase in the probability of cell firing in those 36 cells. The remaining 6 neurons, with no change of the early IPSP amplitude following tetanic stimulation, showed no increase in cell firing. The reduction of early IPSP amplitude, following tetanus, was absent in FK506 (1.01 Ϯ 0.21 of the baseline, n ϭ 10; Figure  1C and Table 1 ). Intracellular application of CN412 (200 M) into the postsynaptic neurons also prevented the reduction of early IPSP (0.98 Ϯ 0.12 of the baseline, mean Ϯ SEM, n ϭ 11; Figure 3A ) and decreased the cell firing probability to 0.96 Ϯ 0.14 of the baseline (mean Ϯ SEM, n ϭ 11).
Third, we studied the effects of the tetanus on the pharmacologically isolated IPSPs in the presence of AMPA receptor antagonist CNQX (10 M). Under these conditions, a tetanic stimulation resulted in a significant long-term depression of the IPSPs in controls. The normalized amplitude of early IPSP 30 min after tetanus was 66.5 Ϯ 8.6 of the baseline (mean Ϯ SEM, n ϭ 7;
Figure 5B), and this depression in IPSP persisted for 60 decrease in E 50 (0.26 Ϯ 0.05, mean Ϯ SEM, n ϭ 5), but response to tetanic stimulation but failed to block the long-lasting increase in the probability of neuronal firing, there was no further reduction when bicuculline was applied ( Figure 6B) . Thus, the bicuculline-induced E-S which was accompanied by the reduction of IPSP (Table  1 
